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LI ANSWER 1 OF 14 MEDLINE on STN 

TI Parathyroid hormone (1-34) augments angiopoietin-1 expression in human 
osteoblast-like cells. 

AB Parathyroid hormone (PTH) is a major regulatory factor in skeletal 

physiology. However, the molecular mechanism underlying the effects of 
PTH on bones has yet to be elucidated in detail. Recently, some reports 
have demonstrated the crucial role of bone vasculature with regard to bone 
density. Angiopoietin-1 (Ang-1) , along with VEGF, has been established as 
a primary angiogenic regulatory agent. In this study, we have attempted 
to characterize the effects of PTH (1-34) on Ang-1 expression and 
signaling molecules, employing primary-cultured human osteoblast-like 
cells. Quiescent osteoblasts were exposed to PTH (1-34), after which 
Ang-1 expression was determined at the mRNA and protein levels. Reverse 
transcription-polymerase chain reaction (RT-PCR) analyses indicated that 
Ang-l mRNA expression increased as the result of PTH (1-34) treatment. 
The expression of the Ang-1 protein was also 

augmented as the result of treatment with PTH (1-34) . An adenylyl cyclase 
activator, forskolin, was shown to induce Ang-1 mRNA expression, whereas 
the protein kinase A inhibitor, H-89, blocked the PTH (1-34) -mediated 
expression of Ang-1 mRNA. These findings indicate that PTH 
( 1-34 ) -mediated Ang-1 expression involves adenylyl cyclase-protein kinase 
A dependent signaling. Our observations also show that Ang-1 may perform 
a crucial role in the effects of PTH (1-34) on bones, possibly involving 
alterations in bone vasculature. 
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TI Sildenafil induces angiogenic response in human coronary arteriolar 

endothelial cells through the expression of thioredoxin, hemeoxygenase and 
vascular endothelial growth factor. 

AB This study was undertaken to investigate the effect of phosphodiesterase-5 
(PDE5) inhibitor, sildenafil, on angiogenic response in human coronary 
arteriolar endothelial cells (HCAEC) . The cells exposed to sildenafil 
(1-20 microM) demonstrated significantly accelerated tubular morphogenesis 
with the induction of thioredoxin-1 (Trx-1) , hemeoxygenase -1 (HO-1) and 
VEGF. Sildenafil induced VEGF and angiopoietin specific receptors such as 
KDR, Tie-1 and Tie-2. This angiogenic response was repressed by 
tinprotoporphyrin IX (SnPP) , an inhibitor of HO-1 enzyme activity. 
Sildenafil below 1 muM has no angiogenic effect as evidenced by reduced 
tuborogenesis . Sildenafil along with SnPP inhibited both VEGF and 
Angiopoietin- 1 (Ang-1) protein expression. 

Therefore our results demonstrated for the first time that sildenafil is a 

very potent pro-angiogenic factor. 
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TI Correlation between the expression of angiopoietins and their receptor and 
angiogenesis in gastric cancers. 

AB OBJECTIVE: To explore the effects of angiopoietins (Ang-1 and Ang-2) and 
Tie-2 expression on microvessel density (MVD) in gastric cancers. 
METHODS: By using semiquantitative RT-PCR, immunohistochemistry and image 
analysis system, the expression of Ang-1, Ang-2, Tie-2 mRNA and their 
proteins were detected in 68 primary gastric cancers and their adjacent 
normal tissues. Microvessel density (MVD) was figured out based on CD34 
immunohistochemical staining. RESULTS: The expression of all Ang-1, Ang 
-2, Tie-2 mRNA and their proteins was detected in gastric cancers and 
their paired adjacent gastric mucosa tissues. A negative correlation 
between Ang-1 protein, Tie-2 mRNA and MVD in 

gastric cancers was observed (r = -0.440, r = -0.267; P < 0.05), while the 

relation between Ang-2 mRNA and its protein, Ang-2/Ang-l 

protein ratio with MVD were positive (r = 0.319, r = 0.729, r = 

0.739; P < 0.05) . It was found that MVD in groups with Ang-2 mRNA T/N 



ratio over 1.2 (the ratio of Ang-2 mRNA in gastric cancers and its 
adjacent normal mucosa) was higher than that in those with a ratio under 
1.2, revealed by analysing the effects of Ang-1 and Ang-2 mRNA T/N ratio 
on MVD in gastric cancers. CONCLUSION: Ang-1 activates Tie-2 receptor, 
whereas Ang-2 antagonizes Ang-1 in the angiogenesis , and the Ang-2/Ang-l 
ratio determines angiogenesis and tumor growth in gastric cancers'. When 
the expression of Ang-2 is high and Ang-1 is low, the angiogenesis in 
gastric cancers is promoted, otherwise oppositely. The role of Ang-2 is 
dominant in the effect, of Angs and their receptor on angiogenesis in 
gastric cancers. 
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TI Angiotensin type 1 receptor blocker restores podocyte potential to promote 
glomerular endothelial cell growth. 

AB Both podocytes and glomerular endothelial cells (GEN) are postulated to 
play important roles in the progression and potential regression of 
glomerulosclerosis. Inhibition of angiotensin is crucial in treatment of 
chronic kidney disease, presumably via effects on BP and extracellular 
matrix. This study aimed to investigate how angiotensin inhibition 
altered the interactions between podocytes and GEN. The effects of 
supernatants from primary cultured mouse podocytes, before or after 
sublethal injury by puromycin aminonucleoside , in the presence or absence 
of angiotensin type 1 receptor blocker (ARB) , on GEN sprouting and growth . 
were assessed. Supernatant from normal podocytes significantly increased 
GEN sprouting, whereas puromycin aminonucleoside-injured podocyte 
supernatant decreased these GEN responses. These effects were linked to 
decreased vascular endothelial growth factor A (VEGF-A) and angiopoietin-1 
(Ang-1) protein from injured podocytes. 
This downregulation of VEGF-A and Ang-1 

protein was reversed when injured podocytes were treated with ARB. 
Inhibition of VEGF-A or Ang-1 prevented this restored response by ARB. 
Activation of intracellular kinases (p38, extracellular signal-regulated 
kinase, and AKT) was suppressed in GEN that were treated with medium from 
injured podocytes but restored by medium from ARB- treated injured 
podocytes. Therefore, injured podocytes are ineffective in promoting GEN 
sprouting, and this effect is reversed by ARB treatment of the injured 
podocyte. These data support the idea that ARB effects on podocytes may 
mediate capillary remodeling in vivo. 
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Combined gene therapy enhances collateral vascularization in coronary 
artery occlusion swine model. 

OBJECTIVE: To investigate the efficacy of combined gene transfer of 
vascular endothelial growth factor (VEGF) and angiotensin-1 (Ang-1) in 
swine coronary artery occlusion. METHODS: Swine underwent left 
thoracotomy followed by ligation of left anterior descending coronary 
artery. Constructed PCD (2) /VEGF and/or PCD (2) /Ang-1 eukaryotic expression 
plasmid was directly injected into the swine myocardium. RT-PCR, 
immunohistochemistry, capillary density and arteriole density were used to 
detect gene expression and biological effect. Coronary angiography was 
done to evaluate collateral circulation of the occluded artery. RESULTS: 
High levels of VEGF and Ang-1 mRNA and protein expression were detected. 
There was a significant increase in the number of capillaries and 
arterioles as compared with a control group (P < 0.05). Capillary density 
and arteriole density of the combination therapy group were higher than 
those of the swing receiving either therapy alone. Coronary angiography 
showed better collateral circulation in the combination therapy group. 
CONCLUSIONS: Direct injection of PCD (2) /VEGF and PCD (2) /Ang-1 can 
transfect the myocardium and express VEGF and Ang-1 
protein. Combined gene transfer of VEGF and Ang-1 can increase 
capillary and arteriole number and enhance collateral circulation of the 
occluded coronary artery more effectively. 
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Endometrial angiopoietin expression and modulation by thrombin and steroid 
hormones: a mechanism for abnormal angiogenesis following long-term 



progest in-only contraception. 
AB The angiopoietins (Ang) are endothelial cell-related factors necessary for 
the development and maintenance of all vessels. Altering the expression 
of these proteins would be expected to result in aberrant angiogenesis . 
Indeed the fragile endometrial vasculature and bleeding observed in women 
treated with long-term progestin-only contraceptives has been associated 
with changes in the expression of Ang-1 and Ang-2. Since bleeding would 
result in thrombin formation, we have assessed the effects of thrombin on 
the expression of the Angs in. human endometrial cells. This study shows 
that thrombin significantly reduces the expression of Ang- 
1 protein and mRNA expression in human endometrial 

stromal cells (HESCs) and minimally decreases the production of Ang-2 
protein in human endometrial endothelial cells (HEECs) . Hence the 
presence of thrombin due to aberrant bleeding could affect the angiogenic 
potential of the endometrium, creating a feed forward loop resulting in 
more thrombin, weak vasculature, and more bleeding. In addition, since 
the exact localization of Ang in the human endometrium remains a subject 
of controversy, we have addressed this issue in an in vivo system by 
analyzing the expression of Angs by microdissection of HESCs, HEECs, and 
human endometrial glandular epithelial cells followed by real time, 
quantitative RT-PCR. 
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TI Evaluation of the antiangiogenic effect of Taxol in a human epithelial 
ovarian carcinoma cell line. 

AB PURPOSE: Angiopoietin- 1 (Ang-1) and angiopoietin-2 (Ang-2) are major 

ligands for the endothelium-specif ic tyrosine kinase receptor Tie-2 and 
are important regulators of endothelial cell survival. In the presence of 
vascular endothelial growth factor (VEGF) , vessel destabilization by Ang-2 
has been hypothesized to induce an angiogenic response, but in the absence 
of VEGF, Ang-2 leads to vessel regression. In the present study, a human 
ovarian cancer cell line was used to investigate the possibility that 
Taxol might affect the expression of Ang-1, Ang-2, and VEGF. MATERIALS 
AND METHODS: KF 28, a single-cell clone of a human ovarian epithelial 
carcinoma cell line, was used. The expression of Ang-1, Ang-2, and VEGF 
was assessed by quantitative real-time RT-PCR and Western blot analysis or 
enzyme -linked immunosorbent assay. Conditioned medium was used in the in 
vitro angiogenesis assay. RESULTS: The concentration of Taxol that 
inhibited the growth of cells to the level of 50% of control cell growth 
was 4.65+/-0.35 nM. Quantitative real-time RT-PCR indicated that Ang-1 



gene expression was significantly decreased by exposure to 2 nM Taxol for 
168 h ( P<0.05 vs control cells). Western* blot analysis confirmed that 
the Ang-1 protein level was decreased by 

exposure to 2 nM Taxol for 168 h. Ang-2 gene expression did not 
significantly differ between control cells and those exposed to Taxol for 
any of the indicated times. The Ang-l/ Ang-2 gene expression ratio was 
significantly decreased by exposure to Taxol for 168 h ( P<0.05 vs control 
cells) . VEGF gene expression was significantly decreased by exposure to 
Taxol for 168 h ( P<0.05) . The VEGF concentration in the conditioned 
medium was also significantly reduced by exposure to Taxol for 168 h ( 
P<0.05). Conditioned medium collected following Taxol treatment for 168 h 
significantly inhibited endothelial tubule formation ( P<0.05). Cell 
growth did not significantly differ between control cells and those 
exposed to Taxol for any of the indicated times. CONCLUSIONS: Our results 
show that exposure of ovarian cancer cells to a low concentration of Taxol 
may inhibit the initiating event in angiogenesis , namely, vascular 
regression. This information might be valuable in the development of new 
therapeutic interventions for epithelial ovarian cancer. 
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TI Localized expression of angiopoietin 1 and 2 may explain unique 
characteristics of the rat testicular microvasculature . 

AB The testicular vasculature is unique ' in several ways. The unf enestrated 
endothelial cells constitute one part of the blood-testis barrier, and 
testicular microvessels are normally resistant to inflammation mediators. 
At the same time that angiogenic factors and inflammation mediators are 
constitutively produced, the proportion of proliferating endothelial cells 
is considerably higher than in other organs, but new blood vessels are not 
formed. Hormonal stimulation of the testis with hCG increase endothelial 
cell proliferation, vascular permeability, and sensitivity to locally 
injected inflammation mediators. In the present study, we examined 
whether local expression of angiopoietin (ang) 1, an inhibitor of vascular 
leakage and sprouting angiogenesis, and its antagonist, ang 2, could be 
involved in establishing this vascular phenotype . Using reverse 
transcription-polymerase chain reaction and immunohistochemistry , we 
demonstrate that testicular vascular endothelial growth factor-A (VEGF-A) , 
ang 1, ahg 2, and the ang-receptor tie 2 are expressed in the testis and 
that hormonal stimulation with hCG is accompanied by increased expression 
of VEGF-A and ang 2 . The ang 1 protein is 

expressed in testicular microvessels under basal conditions, and it is 
largely unaffected after hCG stimulation. Expression of ang 2 in 
microvessels, in contrast, is low under basal conditions and is 



up-regulated by hCG. Intratesticular injection of human recombinant 
ang 1 protein inhibits hCG-induced increase in 

vascular permeability. Injection of ang 2 in the testis increases 
endothelial cell proliferation and the volume of the interstitial space. 
We therefore suggest that ang 1 stabilizes testicular microvessels under 
basal conditions and that a shift in this balance caused by increased ang 
2, together with increased VEGF-A, allows vascular leakage, high 
endothelial cell proliferation, and presumably, vascular growth after 
hormonal stimulation. 
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TI A quantitative gene expression study suggests a role for angiopoietins in 
focal nodular hyperplasia. 

AB BACKGROUND AND AIMS: Although the pathogenesis of focal nodular 

hyperplasia (FNH) of the liver remains unclear, a vascular mechanism has 
been suspected. To gain insight into the pathogenesis of FNH, we 
performed a large-scale quantitative study of gene expression in FNH. 
METHODS: Quantitative expression level of 209 selected genes was assessed 
using real-time reverse-transcription polymerase chain reaction in 14 
cases of FNH and compared with their expression level in 13 cases of liver 
cirrhosis, 4 adenomas, and 15 hepatocellular carcinomas. RESULTS: Among 
the 7 genes, the expression of which was significantly up-regulated or 
down-regulated in FNH, the most informative markers for the diagnosis of 
FNH as assessed using the receiving operative curve and area under the 
curve (AUC) were angiopoietin- 1 (Ang-1; AUC, 0.82) and angiopoietin-2 
(Ang-2; AUC, 0.80). These 2 genes are involved in the regulation of 
vasculogenesis . In FNH, Ang-1 was significantly up-regulated, Ang-2 was 
down-regulated, and the Ang-l/Ang-2 ratio was highly and specifically 
increased in FNH compared with normal liver or other groups of lesions 
(FNH, 15.2-fold increase; HCC, 2.78; adenoma, 2.28; cirrhosis, 1.92; P < 
0.01 for FNH vs. all groups, analysis of variance). Tie-2 messenger RNA, 
the receptor of Ang-1 and Ang-2, was detected at the same level in FNH as 
in normal liver. Ang-1 protein was detected 

qn Western blot of FNH and expressed by endothelial cells of dystrophic 
vessels and sinusoids as shown by immunohistochemistry . CONCLUSIONS: A 
specific increase of Ang-l/Ang-2 ratio in FNH, in the presence of the 
functional Tie-2 receptor, might be involved in the formation of 
hyperplastic and dystrophic vessels of FNH. 
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LI ANSWER 10 OF 14 MEDLINE on STN 

TI Angiopoietin-l is expressed in the synovium of patients with rheumatoid 
arthritis and is induced by tumour necrosis factor alpha. 

AB OBJECTIVES: To examine the potential role of the angiogenic growth factor 
angiopoietin-l (Ang-1) in inflammatory arthritis. METHODS: Eighteen 
synovial tissue samples were obtained from 17 patients with a clinical 
diagnosis of rheumatoid arthritis (RA) and compared with six synovial 
tissue samples from six patients with osteoarthritis (OA). Ang-1 
expression in synovial tissues was determined by immunohistochemistry and 
in situ hybridisation. Ang-1 mRNA and protein expression were also 
examined by northern blot analysis and enzyme linked immunosorbent assay 
(ELISA) in cultured synovial fibroblasts and human umbilical vein 
endothelial cells (HUVECs) before and after treatment with tumour necrosis 
factor (TNF) alpha. RESULTS: Ang-1 protein 

expression was detected by immunohistochemistry in 16/18 RA synovial 
tissue samples. Ang-1 protein was 

frequently observed in the synovial lining layer and in cells within the 
sublining synovial tissue, in both perivascular areas and in areas remote 
from vessels. In contrast, Ang-1 was only weakly detected in these sites 
in OA samples. Ang-1 mRNA and protein were also expressed in cultured 
synovial fibroblasts derived from patients with RA. In addition, 
induction of Ang-1 mRNA and protein was observed by northern blot analysis 
and ELISA after stimulation of RA synovial fibroblasts, but not HUVECs, 
with the proinflammatory cytokine TNF alpha. CONCLUSIONS: Ang-1 mRNA and 
protein are expressed in the synovium of patients with RA, and are up 
regulated in synovial fibroblasts by TNF alpha. Ang-1 may therefore be an 
important regulator of angiogenesis in inflammatory arthritis. 
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TI. Abnormal uterine bleeding during progestin-only contraception may result 
from free radical -induced alterations in angiopoietin expression. 

AB Abnormal uterine bleeding is the leading indication for discontinuation of 
long-term progestin-only contraceptives (LTPOCs) . Histological sections 
of endometria from LTPOC-treated patients display abnormally enlarged 
blood vessels at bleeding sites. Paradoxically, a trend toward reduced 
endometrial perfusion in LTPOC users has been reported in these patients. 
We hypothesized that hypoxia/reperf usion- induced free radical production 
inhibits the expression of angiopoietin-1 (Ang-1) , a vessel stabilizing 
factor/ leaving unopposed the effects of endothelial Ang-2, a 
vessel -branching and permeability factor. Immunohistochemical studies 
^confirmed selective decreases in stromal cell Ang-1 in LTPOC-exposed 
endometrium. To indirectly assess whether LTPOC enhances endometrial free 
radical production, immunostaining was conducted for the phosphorylated 
form of the stress -activated kinases SAPK/JNK and p38. These kinases were 
greatly increased in endometria from LTPOC-treated patients. 
Interestingly, the endothelial cells but not the stromal cells displayed 
enhanced immunostaining for the phosphorylated mitogen-activated kinase 
(pMAPK) after LTPOC treatment. To further examine the effects of 
progestin, hypoxia, and reactive oxygen species (ROS) on the regulation of 
Ang-1 and Ang-2 as well as the activation of MAPK, SAPK/JNK, and p38 by 
the relevant cell types, we conducted in vitro studies with cultured human 
endometrial stromal cells (HESCs) and human endometrial endothelial cells 
(HEECs) . Cultures of HESCs were treated with vehicle control, estradiol 
(E(2)), or with medroxyprogesterone acetate +/- E(2) under hypoxic and 
normoxic conditions. Although medroxyprogesterone acetate but not E(2) 
increased Ang-1 expression, hypoxia greatly decreased Ang- 
1 protein and mRNA expression. In contrast, HESCs did 

not appear to express Ang-2 protein or mRNA. Conversely, cultured HEECs 
did not appear to express Ang-1, but expressed Ang-2, the levels of which 
were significantly increased by hypoxia. Hypoxia also induced the 
phosphorylation of SAPK/JNK and p38 in both cultured HESCs and HEECs. 
Moreover, ROS such as that observed after hypoxia/reperf us ion resulted in 
the activation of SAPK/JNK and p38 in HESCs and HEECs and inhibited Ang-1 
in cultured HESCs. These effects could be blocked by oxygen radical 
scavengers. Consistent with the in vivo studies, MAPK was activated after 
ROS treatment in HEECs but not in HESCs. Our findings suggest that 
LTPOC- induced endometrial bleeding occurs as a result of 

hypoxia/reperf usion- induced free radicals that directly damage vessels and 
alter the balance of Ang-1 and Ang-2 to produce the characteristic 
enlarged and permeable vessels that are prone to bleeding. 
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TI Angiopoietin-1 and VEGF in vascular development and angiogenesis in 
hypoplastic lungs. 

AB We hypothesized that exposure of murine fetuses to environmental toxins, 
such as nitrofen, during early embryogenesis alters vasculogenesis . To 
address our hypothesis, we assessed protein levels of endothelial 
cell-selective angiogenic factors: angiopoietin (ANG) -1 , vascular 
endothelial growth factor (VEGF) , and mediator of VEGF signaling, VEGF 
receptor-2 [fetal liver kinase (Flk) -1] , a transmembrane receptor tyrosine 
kinase. VEGF and Flk-1 proteins were lower in hypoplastic lungs from 
pseudoglandular to alveolar stages than in normal lungs at equivalent 
developmental time points significant for induction of pulmonary 
vasculogenesis and angiogenesis. ANG- 1 

protein was higher in hypoplastic lungs than in normal lungs at 
all the developmental stages considered in this study, i.e., 
pseudoglandular, canalicular, saccular, and alveolar stages. We assessed 
exogenous VEGF-mediated endothelial cell response on extracellular 
signal-regulated kinase (ERK) 1/2, also referred to as p44/42 
mitogen-activated protein kinase. Hypoplastic lungs had more elevated ERK 
1/2 protein than normal developing lungs. Exposure to exogenous VEGF 
activated ERK 1/2 in normal developing lungs but not in hypoplastic lungs. 
Our results suggest that in hypoplastic lungs: 1) low VEGF signifies 
negative effects on vasculogenesis/angiogenesis and indicates altered 
endothelial -mesenchymal interactions; 2) increased ANG-1 
protein may be required to maintain vessel integrity and 
quiescence; and 3) regulation of ERK 1/2 protein is affected in 
hypoplastic lungs. We speculate that extensive remodeling of blood 
vessels in hypoplastic lungs may occur to compensate for structurally and 
functionally defective vasculature. 
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TI Increased renal angiopoietin-1 expression in folic acid-induced 
nephrotoxicity in mice. 

AB Growth factors affect epithelial regeneration after acute renal injury, 
but less is known regarding the expression of vascular growth factors in 
this setting. A mouse model of folic acid (FA) -induced nephrotoxicity was 



used to study the expression of angiopoietins (Ang) , factors that bind the 
Tie-2 receptor and modulate endothelial growth. Tubular damage was 
detected 1 d after FA administration; in the next 14 d, most tubules 
regenerated but patchy atrophy, with interstitial fibrosis, was also 
observed. Ang-1 immunostaining was detected between cortical tubules and 
in the vasa rectae of vehicle- treated animals. FA-induced nephropathy was 
associated with the acquisition of Ang-1 immunostaining in renal arterial 
walls and in a subset of injured cortical tubules that failed to stain 
with periodic acid-Schiff stain, which indicated that they were distal 
tubules. Renal Ang-1 protein levels were 

significantly increased after FA administration, compared with 
time-matched control values, as assessed by Western blotting. Capillaries 
between regenerating tubules expressed both Tie-2 and platelet-endothelial 
cell adhesion molecule. A subset of these endothelia expressed 
proliferating cell nuclear antigen, whereas capillary proliferation was 
absent in control samples. Therefore, FA-induced nephropathy is 
associated with increased Ang-1 protein 

expression in renal epithelia and arteries. In addition, Tie-2 -expressing 
capillaries near damaged cortical tubules undergo proliferation. Further 
experiments are required to establish whether these events are 
functionally related. 
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TI The 3T3-L1 fibroblast to adipocyte conversion is accompanied by increased 
expression of angiopoietin-1, a ligand for tie2 . 

AB The tie2 receptor tyrosine kinase plays a key role in angiogenesis , and 
the remodeling and maturation of blood vessels. In this study we have 
used a factor-dependent cell line (Ba/F3) expressing a chimeric receptor 
containing the extracellular domain of mouse tie2 and the transmembrane 
and cytoplasmic domain of the erythropoietin receptor to identify specific 
binding activity associated with an adipogenic sub-line of 3T3 fibroblasts 
(3T3-L1) . 3T3-L1 fibroblasts are capable of undergoing differentiation to 
adipocytes under specific culture conditions. When compared to 3T3-L1 
cells, the adipocyte differentiated cultures, which contain both 
pre-adipocytes and adipocytes, exhibited a significantly increased ability 
to support the growth of Ba/F3 cells expressing the chimeric receptor. 
Using probes specific for two recently described ligands for tie2, Ang-1 
and Ang-2, we have shown that mRNA encoding Ang-1 is upregulated when 
3T3-L1 fibroblasts are differentiated to adipocytes. These results 
suggest that the levels of Ang-1 protein and 
. mRNA in 3T3-L1 cells can be regulated by cellular differentiation in 
. adipose development. 
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